Introduction
The ''father of neuroscience,'' Santiago Ramon y Cajal, argued at the turn of the 20th century that the brain was made up of neurons woven together in a highly specific way (Azmitia et al., 2002) . Although great advances bring us ever closer to mapping and understanding this exquisite network, the majority of the truly major questions remain. Many of these questions are not only of great scientific import but of broad interest to the rest of society. Some relate to specific neurological or mental disorders, while others relate to the general nature and workings of the brain and mind and how phenomena such as consciousness evolve.
Although attempts have been made in the past to galvanize both the neuroscience community and the broader public around great questions-major infrastructure resources that can be shared (like the comprehensive database proposed initially for the Human Brain Project [Huerta et al., 1993] ), or broad celebrations of neuroscience advances (like the Decade of the Brain)-none has successfully translated into major research funding increases. However, now may be the time to rally the neuroscience fields and broader society. Unlike previous efforts, many in the scientific and policy communities believe that recent neuroscience advances, combined with revolutionary new tools and techniques, now position the field to be able to approach an array of the most important, overarching basic and clinical neuroscience questions and that, when presented appropriately, these questions or challenges could serve as the core of major new budget initiatives.
Recognizing this opportunity, the Institute of Medicine's (IOM's) Forum on Neuroscience and Nervous System Disorders established a ''Grand Challenges Initiative'' that culminated in a workshop on June 25, 2008, in Washington, DC (http://www.iom. edu/neurograndchallenges). Organized by a planning committee that included many leading scientists and science policy makers, the workshop brought together more than 70 experts from a variety of disciplines within the neurosciences. The objective of this workshop was to discuss a set of questions, or grand challenges, which could galvanize a large segment of the neuroscience community to work in an integrated way on a common set of major questions with broad scientific, social, and economic implications. The ultimate goal of the Forum's efforts is to provide a basis for long-term, large-scale interagency funding initiatives focused on one or more of the grand challenges identified. The expectation is that this kind of initiative could both rally and fund a large number of neuroscience investigators.
Background
The IOM's Forum on Neuroscience and Nervous System Disorders was established in 2006 to bring together leaders from federal agencies sponsoring and regulating biomedical and clinical research, the academic community, industry, and patient advocacy organizations to discuss issues of mutual interest and concern. The Forum provides a neutral venue to explore common issues and helps foster new partnerships among stakeholders to further understand the brain and nervous system and disorders in their structure and function; further the development of more effective clinical prevention and treatment strategies; and discuss policy initiatives that will further advance the neurosciences. In keeping with the IOM's policies, the Forum is not intended to provide specific policy recommendations or arrive at consensus conclusions; rather, the Forum seeks to highlight and discuss the challenges and opportunities facing the neurosciences.
The idea of identifying ''Grand Challenges'' has a strong history in science (Omenn, 2006) . John F. Kennedy's call to put a man on the moon rallied the scientific community to a common purpose and drove enormous advances in the field. More recently, the physics community was united in 2003 by the publication of Connecting Quarks with the Cosmos. This National Research Council committee report identified a handful of fundamental questions about the universe, such as ''What powered the big bang?'' and ''What is dark matter? ''. (National Research Council, 2003) . The report, and subsequent strategic planning undertaken by federal interagency efforts, has helped direct resources and funding toward the physics and astronomy communities (National Science and Technology Council, 2004) . The result of this common purpose-combined with new funding, novel technologies, and an influx of scientists-drove researchers to accomplish goals that seemed impossible just a few years before.
The Neuroscience Forum's Grand Challenges Initiative is intended to be developed by the field into a budgetary and scientific initiative of a similar magnitude to ultimately reduce the burden of disorders of the nervous system. As highlighted in the recent initiative undertaken by the World Health Organization (WHO), disorders of the nervous system affect hundreds of millions of people worldwide (World Health Organization and World Organization of Family Doctors, 2008). For example, depression affects 154 million people, 25 million people suffer from schizophrenia, 91 million people are affected by alcohol use disorders, 15 million people suffer from drug use disorders, epilepsy impacts 50 million, and 24 million people suffer from Alzheimer's and other dementias. The collective burden from these disorders causes a significant impact on the world's economic output.
Neuroscience is not a single ''science'' but is actually a multidisciplinary enterprise including diverse fields (e.g., molecular biology, anatomy, psychology and psychiatry, neurology, chemistry, mathematics, physics, engineering, and computer science) and multiple funding organizations (e.g., NIH, NSF, Department of Defense, foundations, private sector, and patient advocacy organizations). However, the Forum recognizes that if a significant segment of this diverse collection of scientists and funding organizations could rally their collective energy, expertise, and efforts around a small set of overarching goals, the additive benefits to the field would be logarithmic. Furthermore, our customers and ultimate sponsors, the American public, would reap the rewards of improved health through a much more advanced understanding of the brain and neurological and mental disorders.
Three Neuroscience Grand Challenges
The Grand Challenges workshop provided an invigorating opportunity to step back and discuss many of the larger challenges and opportunities facing the neurosciences over the coming decades. Everyone recognized the extraordinary rate of advances over the past 50 years. Furthermore, the participants believed these past successes-in combination with new tools and techniques from molecular biology and genetics, information science and technology, mathematics, and neuroimaging-have positioned neuroscience on the cusp of even greater transformational progress in our understanding of the brain and how its activities result in mental activity. The group recognized that bringing large segments of the multiple fields that make up the neurosciences toward a common goal will be difficult and that the field still needs additional technologies and resources that can be shared to achieve its goals. But with the right infusion of new funding and resources, the group believed, the potential payoff to society would be extraordinary.
The workshop discussions identified three grand challenges that might be used to develop a long-term interagency funding initiative focused on one or more of them. The challenges are: Understanding how the human brain produces complex outputs such as emotion, thoughts, and, ultimately, action seems to be a formidable and awesome task. These kinds of emergent properties have been a constant but difficult to reach goal for neuroscience since its beginnings. But much has been learned about cognitive function and its underlying biological bases. The time is right to ramp up integrating efforts across the molecular, cellular, synaptic, circuit, systems, computational, and psychological levels to make transformative progress in understanding these emergent properties. A reasonable question is whether this is the right time to mount a new budget initiative for neuroscience. Like all the sciences, neuroscience is already feeling the effects of restricted funding from the National Institutes of Health, National Science Foundation, and other research sponsors, and the steep costs associated with scientific inflation. Our investigators are being asked to do more with less. In addition to the current pressures, all indications show that this environment of fiscal restraint will not change in the near future.
In spite of that negative context, however, lessons from other fields suggest that if we do not propose some major initiatives, our field will be left behind others that are more assertive. Importantly, the idea here is not to redirect the already limited resources dedicated to funding current research project grant programs but to generate additional funds.
Another reasonable question is whether this kind of initiative would overly bias the neuroscience research funding agenda in one direction or another. Again, the notion here is to provide resources that could be useful to and shared among large segments of the existing field. Further, because the concept includes securing additional resources, there is no intent to supplant (only to supplement) ongoing research efforts.
The vision of this Grand Challenges Initiative is to begin to frame a more integrated, large-scale research program that would spark public excitement and attract substantial funding to move the field ahead in a quantum step and ultimately reduce the burden of disorders of the nervous system. Scientifically, the time is right. What we now need is leadership from within the field to refine and move forward the core concepts. The ideas presented here are the result of a single IOM workshop and related activities. The implementation of this vision now rests with the broader neuroscience community of researchers, policy makers, and funders to translate these or other ideas into a coherent initiative and implementation plan. A first step, as has been done by other scientific communities, like ecology, physics, and astronomy, might be for volunteers or a neuroscience professional association to establish a steering committee among active neuroscientists to define and flesh out the Grand Challenges Initiative. The core group might or might not include representatives of the critical funding agencies; both models have been used. In addition, it may be important to include colleagues from our patient advocacy community. But once refined, the Initiative can be submitted in partnership with the leaders in funding agencies to both Administration budgeters and Congressional appropriators.
